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502a Wednesday, February 11, 2015An ATP-driven conformational cycle which includes the co-chaperones
J-domain protein and nucleotide exchange factor underlies the chaperone’s
function in protein folding. During the conformational cycle of Hsp70, both
the nucleotide-binding domain (NBD), as well as the substrate-binding domain
(SBD), appear in different conformational states.
Single-pair FRET measurements with multiparameter fluorescence detection
(MFD) of conformational changes between the domains and within the SBD
of molecular chaperones from the endoplasmic reticulum and mitochondria
of eukaryotic cells suggest nucleotide- and substrate-dependent changes in
Hsp70 conformation leading to allosteric regulation of the SBD by nucleotide
binding.
To further elucidate the mechanism of chaperone function by conformational
changes within and between the domains, we extended the MFD-PIE experi-
ments to three colors. Incorporation of nonnatural amino acids into the
proteins enables the attachment of three fluorophores. By placing the fluoro-
phores on each of the domains as well as on the lid of the SBD, we could
perform three-color FRET and thereby monitor three FRET efficiencies simul-
taneously. This allows us to detect coordinated motion between the domains
and within the SBD of these triple-labeled Hsp70 proteins. By comparing the
conformational changes and coordinated motion observed for Hsp70 chaper-
ones found in prokaryotes and eukaryotic organelles, we investigate the
conserved and divergent behaviors of these different proteins. Thereby, we
elucidate details regarding the functional mechanism and specificity of these
chaperones.
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Cataract is the leading cause of blindness in the world, and it is projected to
affect 20-30 million people in 2020. Cataracts are formed upon aggregation
of lens proteins into high molecular weight complexes, causing light scattering
and lens opacity (1). A variety of experimental and etiological studies implicate
metals as a potential etiological agent for cataract. Copper and zinc concentra-
tions in the cataractous lenses are increased significantly, as compared to
normal lenses (2). The monomeric all b-sheet Human gD (HgD) crystallin is
one of the abundant crystallins in the core of the lens and its non-amyloid ag-
gregation is associated with cataracts.1 We find that micromolar concentrations
of Cu(II) and Zn(II) ions exert distinct and specific effects on the conformation
of HgD, suggesting site-specific interactions. Circular dichroism studies
show that Cu(II) induces loss of secondary structure and stability of HgD.
Spectroscopic studies demonstrate that Cu(II) ions can bind at more than one
site in the protein. Metal binding to the monomer leads to formation of high
molecular weight light scattering aggregates. These metal-induced effects
occur at micromolar concentrations of metal ion and protein, starting at
metal:protein ratios of 1:1. Interestingly, the lens chaperone aB crystallin pro-
tected HgD from metal-induced aggregation. Metal-induced aggregation could
be a physiologically relevant phenomenon; understanding its mechanism will
help elucidate the role of metal ions in the aggregation of human crystallins
and their potential involvement in the development of cataracts. This research
has been supported by: MIT-Seed Funds, Conacyt (grant # 221134 and fellow-
ship to J.A.D.-C.), NIH EY015834, AMC-FUMEC and Fulbright-Garcı´a
Robles fellowships to L.Q.
1. Moureau, L.K.; King A.J. Trends Mol. Med., 2012, 18, 273-282
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2536-Plat
Role of Pore Loops in the Mechanism of Polypeptide Translocation by a
AAAD Protease Machine
Piere Rodriguez-Aliaga1, Luis E. Ramirez2, Frank Kim2, Andreas Martin1,3,
Carlos Bustamante1,3.
1Biophysics Graduate Group, University of California at Berkeley, Berkeley,
CA, USA, 2University of California at Berkeley, Berkeley, CA, USA,
3Molecular and Cell biology, University of California at Berkeley, Berkeley,
CA, USA.
Proteases of the AAAþ family play crucial roles maintaining protein
homeostasis in the cell by degrading misfolded/damaged proteins. ClpX is a
homohexameric ring-shaped member of this family, which uses ATP to me-
chanically unfold native substrates and translocate them into the associated
proteolytic chamber of ClpP. Polypeptide translocation is impelled by poreloops that protrude from every subunit into the lumen of ClpX pore, which
contact the polypeptide through a highly-conserved motif: GYVG. We used
single-molecule assays with optical tweezers to study the effect on the mech-
anochemistry of the motor of Y153A and V154F mutations, which decrease/
increase the size of these loops. 1-3 ClpX WT subunits were substituted by
either a Y153A or V154F mutant subunit, arranged in different positions rela-
tive to each other within the ClpX ring. Since the translocation cycle has two
phases, a dwell and a burst, we analyzed the effect of these mutations on these
phases. Y153A mutations decreased the dwell duration compared to WT,
increasing translocation velocity, while V154F mutants had longer dwells,
reducing translocation velocity. Interestingly, the burst-size remained unaf-
fected. ATP-turnover analysis revealed that in Y153A mutants increased
dramatically, while in V154F it was a smaller increase. We calculated the
coupling coefficient (CC), the number of ATP hydrolysis cycles that are
required for a productive power stroke. For WT the CC is one, Y153A mu-
tants have a CC of two, while in V154F mutants is between one and two.
Finally, we observed that mutant subunits either located across the ClpX
ring or intercalated by a WT subunit had more effect in the duration of the
dwell and in GFP unfolding capability. These results provide missing infor-
mation about the spatial arrangement and inter-subunit coordination of pore
loops during polypeptide translocation.
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Heat shock protein 60kDa is a molecular chaperone (GroEL human homolog)
that assists protein folding in mitochondria (mtHsp60). It is synthesized in the
cell cytoplasm as a higher molecular weight precursor form (p-mtHsp60) con-
taining a N-terminal targeting sequence, that is cleaved after import into the
mitochondrial matrix [1, 2].
It has been established, and demonstrated by various techniques, Hsp60 can
accumulate in the cytosol, in various pathological conditions (i.e., cancer and
chronic inflammatory diseases). The cytosolical Hsp60 accumulation mecha-
nism may occur with or without mitochondrial release concomitantly, so that
in the cytosol the two types of 60 kDa chaperonin proteins, (mtHsp60 and its
precursor naı¨ve form, p-mtHsp60) could coexist [3] .It has been recently
observed that in a wide range of concentration, the precursor naı¨ve Hsp60 is
able to assemble in both heptamers and tetradecamers [4].
Key questions still unanswered pertain to the differences in structure-function
features that might exist between the well-studied prokaryotic GroEL and the
largely unexplored eukaryotic Hsp60 proteins. Moreover, studies on human
Hsp60 structure and oligomeric state in vitro could help to validate its role in
physiological or pathological cases. In order to pursue this goal, we investi-
gated the (dis)assembly and thermal stability of mtHsp60, p-mtHsp60 and
GroEL in vitro, by means of Differential Scanning Calorimetry (DSC) and
Isothermal Titration Calorimetry (ITC). Complementar Circular Dicroism
(CD) measurements were done to follow the change in the secondary structure
due to unfolding.
[1] Ellis RJ, 2007, Adv Exp Med Biol., 594: 1-13.
[2] Jonathan D, 2000, JHC., 48(1): 45-56.
[3] D. Chandra, 2007, J. Biol. Chem., 282: 31289-31301.
[4] Vilasi S. et al, 2014, Plos One., 9(5): e97657.
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DnaK is a molecular chaperone that helps protein folding and protects cells
from stress. The allosteric mechanism of DnaK enables ATP binding to the
N-terminal nucleotide-binding domain (NBD) to alter substrate affinity to
the C-terminal substrate-binding domain (SBD) and in turn substrate binding
enhances ATP hydrolysis. Cycling between ATP-bound and ADP/substrate-
bound states requires DnaK to visit an ‘‘ATPþsubstrate’’ state with high
ATPase activity and fast on/off kinetics of substrate binding. The short inter-
domain linker transduces the allosteric signal between NBD-SBD and the
Wednesday, February 11, 2015 503ab-SBD-a-lid interfaces. We used pulsed dipolar ESR and ion mobility mass
spectroscopy technologies to characterize the conformational ensembles of
DnaK in its allosteric states to better understand how the nucleotide and sub-
strates modulate the allosteric landscape. We found that DnaK has a narrow
distance distribution in ATP-bound state, but broader distance distributions
in all other states exhibit multiple coexisting components. The ATPþsubstrate
ensemble reflects the tug-of-war between the forces of NBD-SBD interaction
driven by the binding of nucleotides, and the force of b-SBD-a-lid interaction
driven by the binding of substrates. The ATPþsubstrate state contains 24% of
docked and 76% of undocked conformers. The ADPþsubstrate state has a
smaller fraction of docked conformers and an additional species, which we
may represent as a ‘‘domain rotamer’’ around the unbound linker. Rotation
of the NBD and SBD around the interdomain linker may play an important
role in the allosteric mechanism. The ATPþsubstrate state releases the
SBD’s helical lid from the NBD bound in the ATP-bound state to an SBD
bound position and a ‘‘free’’ position; and the ADPþsubstrate state pushes
the equilibrium from the free position to the SBD bound position. The
allosteric states can be modulated by mutations to dissect the energetic
contributions.Platform: Excitation-Contraction Coupling
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Calsequestrin-1 (CASQ1) is the major calcium binding protein of the sarco-
plasmic reticulum (SR) of skeletal muscle cells. It is mainly localized in
the junctional domain of the SR where it is part of a quaternary complex,
which includes the ryanodine receptor calcium release channel, junctin and
triadin. Calsequestrin-1 can modulate Ca2þ release by either directly bind
the ryanodine receptor and/or by binding to junctin and triadin. We recently
identified a D244G mutation in CASQ1 in patients with a myopathy charac-
terized by the presence of vacuoles containing aggregates of SR proteins. The
mutation affects a conserved aspartic acid located in one of the high-affinity
Ca2þ binding sites of CASQ1. We found that muscle fibers from patients car-
rying the CASQ1 mutation show alterations in the Ca2þ release kinetics, thus
suggesting that the D244G mutation may alter the intracellular Ca2þ signaling
in the affected fibers. Interestingly, mutations in the CASQ2 protein identified
in patients affected by catecholaminergic polymorphic ventricular tachycardia
(CPVT) were shown to alter either Ca2þ buffering or Ca2þ release properties
of cardiac muscle cells and to reduce the ability of calsequestrin to bind junc-
tin and triadin. In order to understand the cellular mechanisms responsible for
alterations of Ca2þ release kinetics in skeletal muscle cells carrying the
D244G mutation, interactions between mutated and wild type CASQ1 and
the ryanodine receptor type 1, junctin and triadin are being investigated.
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Mechano-chemo transduction, the conversion of mechanical signals into chem-
ical ones, is a topic of accelerating interest in striated muscle. Axial stretch of a
cardiac myocyte triggers an array of effects, including generation of reactive
oxygen species and sensitization of the ryanodine receptor calcium release
complex through a process termed X-ROS signaling. These phenomena are
paralleled in skeletal muscle, and in both tissues are known to depend on the
microtubule cytoskeleton. While past work has shown a microtubule depen-dence using drastic interventions, our current work focuses on specific patho/
physiologically relevant posttranslational modifications of the microtubule
cytoskeleton. We find that targeting the cleavage of a c-terminal tyrosine on
alpha-tubulin (detyrosination) alters myocyte mechanical properties without
disrupting overall microtubule structure. Inhibition of detyrosination signifi-
cantly alters contractility and blunts mechanical effects on ROS production
and calcium handling. We also find that detyrosinated microtubules are
increased in Duchenne Muscular Dystrophy (DMD), and that inhibition of
detyrosination alleviates dysfunctional calcium signaling and arrhythmias eli-
cited by increased mechanical work in a DMD model. Taken together these re-
sults suggest a critical role for microtubule detyrosination in mechano-chemo
transduction and identify a potential therapeutic target for the treatment of
cardiomyopathy.
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Calcium-induced calcium release is in principle an all-or-nothing mechanism
and self-propagation of Ca2þ waves is a pathological manifestation of this pos-
itive feedback loop. However, since local release of Ca2þ only elicits elemen-
tary Ca2þ release events (Ca2þ sparks) that do not develop into Ca2þ waves,
Ca2þ release can be graded. This local control is possible because of the spatial
arrangement of L-type Ca2þ channels and clusters of ryanodine receptors at the
sites of Ca2þ release (dyads) (Stern 1992). We propose that the sarcoplasmic
reticulum (SR) Ca2þ-ATPase (SERCA) also contributes to local control by
limiting diffusion of Ca2þ. Six days following conditional SERCA knockout,
Ca2þ sparks exhibited broadened geometry and slowed kinetics (increase in
spark width, time to peak, and duration by 33%, 33%, and 51%, respectively).
At this time point, SERCA protein levels are reduced by 53% and SR Ca2þ con-
tent is decreased by 25% (Stokke et al. 2010). To determine the precise local-
ization of SERCA we employed cryo immuno-gold electron microscopy on
sections from the mouse papillary muscle. Normal cardiac myocytes showed
preferential SERCA expression near the Z-lines (nearly twofold higher labeling
density at the Z-line than the A-band) with SERCAmolecules clearly located in
the junctional SR in close proximity to the dyads. The conditional SERCA
knockout resulted in preferential loss of labeling at these locations. From
resin-embedded cross-sections of papillary muscles, we observed more abun-
dant SR in the I-band compared to the A-band (by factor of 1.7 and 1.6 for con-
trol and KO respectively). These results suggest that SERCA contributes to
local control of Ca2þ release by limiting diffusion of Ca2þ from the dyad.
Thus, the processes of Ca2þ release and re-uptake are closely linked by a pop-
ulation of SERCA molecules in the junctional SR.
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Microvolt T-wave alternans (MTWA) testing identifies patients at risk for
lethal ventricular arrhythmias. However, stratification of low and high risk pa-
tients with MTWA is challenging due in part to poor signal-to-noise ratio
(SNR) of MTWAmeasurements. Since microscopic systolic pressure alternans
(MSPA) has a higher SNR than MTWA, and is also associated with abnormal
calcium handling, we hypothesized that rate-dependent MSPA also precedes
arrhythmia and may be an alternative approach for arrhythmia risk stratification
in heart failure patients. To test this hypothesis, we investigated mechanical al-
ternans, a surrogate for MSPA, and its proposed link to arrhythmogenesis via
abnormal calcium handling. Electromechanical models of single human myo-
cytes were constructed. Key features of remodeling were incorporated to simu-
late abnormal calcium handling in human heart failure. A dynamical pacing
protocol was used to investigate intracellular calcium concentration ([Ca]i),
voltage, and force for different pacing rates. In normal myocytes, [Ca]i,
voltage, and force alternans were not found for pacing rates <200 bpm. In
the presence of deranged calcium handling common in heart failure (sarco-
plasmic calcium reuptake reduced below 74%), [Ca]i, AP phase II voltage,
and force alternans developed at moderate pacing rates <120 bpm and
increased in magnitude with increased pacing rate. For all pacing rates, the ratio
